This paper presents qualitative studies of cohousing, a model where individual homes cluster around common space, share some meals weekly, and make community decisions together via consensus. It analyzes 80 descriptions of cohousing community websites to reveal the values common to cohousing, as well as site visits to three cohousing communities in the United States. These consist of tours, attending multiple common meals, and interviews with residents to gain insight into cohousing practices and experiences. The goal of this work is to understand how cohousing is lived and structured with an eye towards considering this model of living from an HCI perspective. Keeping that in mind, this paper concludes with a discussion of the relevance of cohousing to existing and emerging trends in HCI such as civics, technologies for building community, and how cohousing might unravel the concept of a "smart home." 
INTRODUCTION
While HCI has always had an interest in domestic spaces as a site for developing information and communication technologies (ICT), it has so far had a relatively constrained understanding of what counts as "domesticity." Explorations of ICT design privilege single-family houses, leaving alternative spatial arrangements and configurations outside of the frame. Traditional approaches to the home have been deployment-based, offering novel technologies to families in detached, single family homes. However, shifting patterns of contemporary living-economic, geographic, and demographic-have led to new modes and new models for habitation becoming more prevalent. These new models of living-in this paper cohousing-offer a different understanding of what "home" means. This can provide a fresh perspective on the boundaries of where and how domesticity happens as well as how to consider the role of ICTs at home.
Cohousing
Cohousing is a style of living that is meant to provide a functional alternative to social disconnectedness that has made contemporary living untenable for many [44] . Cohousing builds strong community among its residents by design, and is a reaction to contemporary single family houses that lack vibrant social connection between and among neighbors. In Creating Cohousing: Building Sustainable Communities, McCamant and Durrett describe their own journey that led them to plan, build, and eventually become residents in cohousing [44] [44] .
For them, and many others, the solution to issues like these has been cohousing [21] . Cohousing is a kind of collaborative community that aims to replicate a villagelike atmosphere. Cohousing comes in all kinds of shapes and sizes. In the most traditional form residents each own their own self-contained house and share ownership of common spaces, like open outside areas, storage facilities and a large "common house" for events, entertaining, and occasional meals. Most cohousing communities have common meals a couple of times a week. Many cohousing communities are committed to social values like resource sharing, involvement, sustainable living, and diversity. Residents are responsible for maintenance and upkeep, and are expected to provide a small amount of their time monthly to keep up with the work that helps the community function. This labor can be landscaping, cooking, cleaning, and so on-the functions of a traditional home, writ large. [44] . Lucy Sargisson describes the tones as "firmly utopian," and intrinsically offering a feminist, communitarian critique of then-contemporary institutions and practices. Graae and Gudmand-Hoyer claim that the design of the city has created ever-more extreme isolation and alienation, and even further, that urban housing has played a causal role in that shift [49] .
This critical perspective provided an ideological foundation for what became cohousing, or in the original Danish, bofaelesskaber ("living communities"). Here, multiple independent households coalesced into new developments combining the advantages of community with the autonomy of private housing. They sought to restore what they saw as disintegrating community values, to build stronger families, and to create 'villages' in an urban context [49] .
Intentional, not ideological
In Cohousing, A Utopian Property Alternative, Sargisson notes a possible distinction between cohousing communities in Europe and North America. To her, European cohousing communities are based more on an ideological critique of late capitalism, While North American communities cast cohousing as a pragmatic response to fundamental everyday problems. This is exemplified by the Creating Cohousing quote above, that positions cohousing as a way of helping solve problems around caring for children.
Cohousing as a venue for design
As an intentional project that involves architectural, legal, and planning consideration, cohousing communities are certainly designed. While communities certainly vary in terms of size and physical structure, there are some commonalities that are shared among communities. For example, many design decisions serve to facilitate a sense of shared kinship and safety. Cars stay on the periphery of the property, leaving space between the homes to become play spaces for children. Common houses are in the center or near commonly-accessed parts of the property. Homes are oriented towards pathways and front windows in residences are large enough to let passers-by see inside. In The Cohousing Handbook, Hanson describes these as specific goals of cohousing design: purposeful separation of the car, pedestrian pathways, kitchens facing pedestrian pathways, a centrally located common house, and affordability [34] .
The role of site planning and design is essential in considering how and why cohousing communities look and act the way that they do. As Williams has written, cohousing communities are neighborhoods that are expressly designed for social interaction [57] . Beyond this, though, cohousing communities become homes beyond a single house. The common house, for example, is both common space as well as a continuation of an individual residents' home. Cohousing stretches the definition of home in ways that can provide provocative and interesting inspiration for ICT design.
HOW HCI INTERPRETS THE HOME
The home and domestic life has long been a topic of interest to HCI. Understanding how domestic contexts might shape technology design is a theme common in CHI literature. Recently, Desjardins et al. have published a literature review and analysis of approximately the last twenty-five years of domestic-oriented design research in HCI [12] . They classify this research into genres (after [15] ) that describe how research into domestic technology has operated. These genres provide categories of HCI research into domestic life that can be expanded by taking cohousing into account. With cohousing in mind, the most relevant genres are social routines in the home, ongoing domestic Social routines in the home describe how routines affect everyday home life and social structures. This genre is influenced by ethnomethodology [22] , and asks questions about how social life is created and organized in the home. Inside of an individual family home, much of this social organization remains unchanged in cohousing, while a large set of community social routines become grafted on.
Research into cohousing from this genre's perspective could reveal how domestic routines are reconstituted as being broader than a house and, indeed, become spread across a community at large.
Ongoing domestic practices emphasize the personal experience of living in the domestic sphere as linked to particular practices [12] . Questions from this genre include: how do practices configure the home experience? How do people describe and reflect on the various domestic practices they perform? What is the role of artifacts and technologies in the practice of domestic experience? "Domestic practices" here includes gardening [29, 36] pottering [52, 62] , religious practice [58, 60, 61] , health monitoring [1, 32] , interpersonal communication [2, 3, 19] , domestic network management [30] , resource consumption [51] and simple living [33] . At the very least, cohousing is a practice like these that carries with it its own set of material-and object-borne obligations. But as a style and arrangement of living, cohousing also inflects the practices and experiences that take place within its borders.
The home as a site for interpretation seeks to understand the "unique, nuanced, private, messy, and creative" nature of domestic life [12] . This work concerns itself with ideas like playfulness [23, 24] , exploration [26] , discovery [42] , reflection [45] , interpretation [25] , speculation [35] , and provocation [18] . This genre asks, how can we include reflection and interpretation in the home? Can we create technology that reflects the intimate, complex, and nuanced character of domestic experience? How do people react to, use, and explore with new technologies designed to support interpretation in the home? These questions are especially interesting in a cohousing context as they mesh well with how cohousing life operates already. As intentional communities governed via consensus, cohousing is reflective in its practice to begin with, and respectfully engaging among and between cohousing residents is a core part of understanding its brand of domesticity. [46] , non-Western perspectives [5, 7] , mobile ways of living [11, 63] , time-based understandings of home [17] , and gender-based understandings of domestic spaces [6, 9] . Defamiliarization offers a means of understanding wellknown contexts in new ways. Cohousing provides an opportunity to defamiliarize domestic practices by upending existing assumptions about what homes must be. In cohousing, the role of the community is expanded, more and different kinds of shared space exists, and who counts as a member of "home" might be broader than usual.
METHODS
The previous section discusses how HCI understands domesticity via genres, corresponding roughly to social routines, domestic practices, how "home" is interpreted, and finally how domestic values might be contested among different kinds of users, particularly as a strategy to do design work via defamiliarization. In addition, this project takes as its methodological inspiration the work of John Law, a British sociologist and co-founder of actor-network theory, or ANT [40] . In Aircraft Stories, Law tries to both unpack and understand a sociotechnical artifact-the illfated British TSR2 fighter-bomber-through multiple methods presented as vignettes of material inquiry. The linkages between blueprints, interviews, requisitioning documents, personal memories of the plane, and so on cumulatively serve to "decenter the object in technoscience" [41] . In its place, he builds a new understanding of the object from multiple contingent contexts. Together, these fractional, partial understandings of the TSR2 offer a way to know the specific aircraft and its multiple contexts
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and roles somewhat differently than other sociological or ethnographic methods. To Law, the TSR2 is an airplane, but also an agenda; it is a plan for construction, but also a manifestation of a waning power's geopolitical anxiety; it is born of military requisitioning, but also of advertising; it is the archive, but also the anecdotes. To understand the multivalent nature of the TSR2, Law draws all these aspects together and interprets them in ways that are simultaneously independent and intertwined. This rich multiplicity of perspectives is what Law calls the mess.
This style of research is especially compelling to design researchers as it foregrounds material things like blueprints, patents, sketches, schematics, stories, and models in ways that other kinds of inquiry do not specifically attend to. These objects are the substance of the design process, and as such can serve to inform design in ways that interviews alone cannot. In keeping with Law, the author also wanted to try to get a broad, messy understanding of how cohousing operates as a model of domestic lifestyle in practice. To that end, the author used multiple ways of engaging with cohousing communities. The balance of this paper describes cohousing from a variety of perspectives and from a mixed-methods approach [54] . These methods include evaluation of primary texts extracted from cohousing web sites as well as on-site ethnographic methods. These are described in detail below. As a design research project, this combination of methods is intended inform the development of new prototype systems based on insights from cohousing communities [10] . This work is not motivated by a goal to discover concrete facts regarding how cohousing communities operate generally, but instead is meant to extract broader themes and ideas to inform later design process.
The first way to interpret cohousing was through analyzing USA-based cohousing community web pages. These sites were approached systematically to learn how communities across the country describe themselves, and contained descriptions, mission statements, and sometimes lists of values for each community. The author performed simple content analysis on the contents of these pages in order to generate a list of the values of cohousing via grounded theory [48, 50] . This loose set of codes that emerged from this analysis describe values that are important to cohousing communities. These cohousing values became a starting point to understand how these communities see themselves, as well as what kinds of goals their practices support.
For more specific, personal engagement with cohousing, the author visited three cohousing communities using a strategy of "diverse engagement" inspired by Law's mess. A combination of different approaches over a period of 8 months provided a unique perspective on what cohousing is and how it operates at these three communities across two U.S. states. Over that time, the author conducted interviews with residents, took tours of the communities, and was a guest at common meals. These engagements each provided a different way to understand cohousing. Semi-structured interviews, for example, provided a way to get cohousing residents' experiences in their own words, while still retaining flexibility to respond to unexpected aspects of conversations with residents [8] . [59] .
Together, these methods offer a means of approaching cohousing and considering two questions about it: what is common to cohousing communities? What is distinctive to cohousing? This messy, contingent process of engaging with communities in multiple ways offers advantages in terms of thinking through cohousing as a space for ICT design. By focusing on a wealth of different kinds of materials, design concepts and insights can be generated via a process of "abductive sensemaking" [39] . In this process, design research materials can be synthesized into concrete design ideas through multiple iterations of prioritization, judging, and forging connections based on the stuff gathered through design research coupled with a researcher's own experience and insight.
CONSTRUCTING COHOUSING
In the United States, the primary web presence of cohousing on the internet is the Cohousing Association of America (http://cohousing.org). The association coordinates information between residents of various cohousing communities via a wiki-style master list of sites at various degrees of planning and execution, from long-term, wellestablished communities, to those in the building process, to those in the very early stages of designing or interestgathering for prospective communities.
Cohousing websites frequently include a "Vision and Values" section that emphasizes what a community believes is important in a general sense, as well as the ways that these beliefs are materialized as practices in the community. Often, these pages include how the communities intend to achieve these goals as residents via a mission statement. A survey of 80 established cohousing community web sites provide a way to reveal the goals and intentions of US-based cohousing communities. Using grounded theory to generate a list of codes, 20 distinct values emerged as described below and listed in Figure 2 :
 affordability, controlling costs through smaller housing sizes or even direct subsidy;  caring or connection, broadly meaning the quality and depth of relationships between cohousing residents;
Human Relationships 1 (Design) DIS 2017, June 10-14, 2017, Edinburgh, UK  community, perhaps the value most underlying cohousing as a practice, and understood as a sense of general fellowship;  consensus, managing the community and making decisions in a group through deliberation and unanimity  cooperation or collaboration, a common sense of working with one another;  diversity, open-mindedness towards and acceptance of differences in race, age, gender, sexuality, and ability and other aspects of identity and experience;  family, a commitment to growing and supporting children youth, and various family configurations;  generosity, here meaning a generosity of spirit in interacting with community members;  intentionality, living thoughtfully and deliberately, especially with respect to cohousing values;  joy, taking pleasure in the community itself;  outreach or education, serving as an example of lifestyle for the greater community outside of the walls of the community;  participation, taking an active role as a resident in shaping the community that you want to have;  privacy, in this case meaning valuing individual space as well as participation in the community at large;  respect, treating residents with kindness and care;  responsibility, understanding your part and commitment to the community at large;  security, meaning that every member should feel comfortable and safe in the community;  sharing, or willingness to contribute goods or services to another resident in need;  simplicity, reflecting a minimalist lifestyle that supports richer personal experiences;  sustainability, ecologically sensitivity and energyefficiency; and  work, helping to maintain the community by taking part in the labor that makes it run.
In short, cohousing produces a community that is both sensitive to and driven by values. These values offer a way of considering how technology design can support or extend existing cohousing practices in ways that feel normal or natural to residents. It's especially interesting to see the most common values across cohousing groups. Caring, community, diversity, and sustainability, for example, each appear in over 70% of the community descriptions. The ubiquity of these values emphasize what intentionality means in practice for cohousing communities. They are designed and constructed from the ground up to support mutualism among their members.
Cohousing on the ground
The second component of this research took place in two cohousing communities in Atlanta, Georgia. Atlanta is an especially interesting site for cohousing research in that it is home to both the largest community in the United States as well as the smallest.
East Lake Commons Cohousing
East Lake Commons (ELC) is the largest cohousing community in the USA. It is built on 20 partially-wooded acres located 4 miles east of downtown Atlanta (Figure 3 , left). There are 67 townhouses in that space, a large common house, and "Gaia Gardens," a 3-acre organic garden and orchard, greenhouse, apiary, blueberry patch and pond. The garden and orchard together supply a CSA, or community-supported agriculture, and provide fruit and vegetables to the surrounding neighborhoods.
In the Spring of 2015, the author took a tour of the grounds of ELC, followed by an informal interview with his host and sharing in that evening's common meal. What became ELC was originally intended to be Section 8 housing (government-sponsored housing for low-income residents), but a community of Quakers looking for a site to create a faith-based intentional community entered a discussion with the property developer and established a cohousing community. The community no longer has any formal religious affiliation. In its place is a burgeoning cohousing community of approximately two hundred residents. This is many more than it was originally designed to accommodate. Originally, ELC was intended to be two separate cohousing communities, but development costs meant that the second common house was never built.
In practice, this community can be a bit unwieldy: the large number of residents make it too difficult to operate by what might be considered as "true" cohousing principles. Consensus, for example, is extremely difficult to achieve with over two-hundred residents. Instead, residents use a super-majority of 80% of the community to make resolutions that cannot be blocked by dissent. ELC makes it clear that cohousing can be too large to work well. The "village in a city" atmosphere that lends itself to values like community or cooperation evaporates when the scale gets too large. As with other neighborhoods, there are tensions, but with twists that reflect a community containing common interests and intentional deliberative structures.
Like many cohousing communities, there is a limit to how many of the units can be rented. Design constraints on limited resources like the number of available parking spaces make it difficult to have many independent roommates in a single unit. During a common meal at ELC, my host mentioned that there was some concern that the new owner of a unit wanted to create a live-in/incubator space for founders of technology companies. This was a possible problem in two ways. First was a concern that any large group of renters might not be very interested in playing an active role in the community at large, making the community less functional as cohousing. Second, and building from the first, these residents would use community resources in a way that was disproportionate. If you divide the number of residential units on the property by the number of parking spaces available, the average number of spaces per unit is ~1.2. These are in a small parking lot just past the gated entrance to the property. If a home has four or five residents that each intend to park, they could occupy parking spaces that could otherwise be used by three or four households.
The issue of parking was one way that this very large community has recently had troubles regarding commitment to cohousing principles. After two visits, my host decided that she would prefer to stop participating in the research project, fearing that an outside presence might become another point of contention at a moment that to her, felt like it might be a particularly harrowing inflection point for the community in general.
Lake Claire Cohousing
Lake Claire Cohousing (LCC) is among the smallest cohousing community in the USA. In contrast to ELC, it sits on a half-acre plot in a densely-populated residential part of East Atlanta. Surrounded by detached, craftsmanstyle homes, the 12 townhouses at LCC cluster tightly around open space in the center, with a common house and garden plot at the west end of the property (Figure 3 , right).
LCC was built in 1997, and the first residents moved in the following year. Unlike ELC, LCC was self-funded by a group of people inspired by McCamant and Durrett to create a cohousing space. These residents followed the guide of books like Creating Cohousing [44] and The Cohousing Handbook [34] in finding land, architects, planners, and so on to build a community that fit their needs and resources. One way it's possible to understand the difference between ELC and LCC is through their approaches to development. While developer-driven cohousing might mean that larger-scale funding is possible at the outset, it may also mean making certain kinds of concessions in the design and construction that make cohousing values harder to maintain over the long term. The inability to build a second common house for ELC and the resultant need to create one large community from what was intended to be two neighboring ones has made it difficult to forge a single cohousing community that works together well. While the genesis of cohousing plays a large part in establishing common values, it's also important to see how the community functions after it has been built.
LIVING IN COHOUSING
To obtain a richer understanding of the lived experience of cohousing, as well as the opportunities for ICT to play a role in that setting, the author interviewed 5 residents of LCC in the fall of 2015. While this may seem like a small 
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number of participants, in a smaller community like LCC it represents half of the households in the community. These residents varied as to their age, gender, occupations, and how long they have been living in cohousing. Three of the interviewees had been involved with the community since its inception, either as a founding member during the development process (R2, R3), or as an interested party during that time who moved in a year after the project was completed (R4). Two of the participants were men (R2 and R3) and three were women (R1, R4, R5). All interviewees had families, although at different life stages. Some residents' children were adult and out of the home (R2, R3, R4). Other residents had small children currently in the home (R1, R5). This "next generation" of cohousing was often mentioned in interviews.
Each home visit lasted for about an hour. The visits consisted of a semi-structured interview asking about alternative styles of living, how and why participants chose to live in cohousing, and the role of ICTs in their living arrangement. This semi-structured interview was followed with a "home inventory" [31] to discover what ICTs were used in the home. Interacting with and discussing these home technologies helped to generate more questions. All interviews were audio recorded in addition to taking written field notes. During the visits, photographs were taken of objects or quirks that arose during interviews. Each interview was transcribed and open-coded to identify common concepts and recurring themes in the data, while the photos served as visual aids for analysis.
One goal of this interview was to understand how these participants used technology at home. Each of these families owns at least one computer, and all use them for both work through Internet and e-mail, as well as entertainment via streaming media services like Netflix or Hulu. Each participant interviewed owned and used a smartphone. Indeed, conversations around technology design that could benefit cohousing frequently revolved around potential smartphone apps. Only one participant had cable TV in their own home (R3), although there is cable TV in the common house, as well as shared Wi-Fi.
Life in cohousing
For the residents of LCC, community is at the core of cohousing. At its most basic level, cohousing is about this kind of ease, a comfort with others and a joyfulness in having a community around to share experiences with. Designed and built as antidote to urban neighborhoods where residents are anonymous and homes are independent, cohousing creates a community through both intention and practice.
Sharing space and place
Sharing is something that takes place inside of cohousing without much concern. Other than time, probably no part of cohousing is shared as much as the common house. The common house is the heart of the community, a social hub for entertaining as well as a This tension-between shared and private space-might be the defining character of the work of maintaining cohousing. Shared space is never quite as comfortable for this resident as their own home is. However, they are clearly willing and able to participate in events that take place there and use the common house when they want or need to without discomfort. Here we see a seamfulness emerge. Taking advantage of social seams (like ambiguity regarding the boundaries of home) or technical seams (like infra-structure breakdown) offer a compelling way to consider designing ICT in cohousing contexts [4] .
Keeping up with upkeep
Shared infrastructure means that there are shared obligations to maintain and repair it. The design of LCC involves a parking lot that has security lights over it that are not very accessible, and repairing even something so simple involves more than might otherwise be expected 
." -R4
Here maintenance activity that is normal and mundane in individual housing contexts becomes much more complicated. Just clearing the gutters requires coordination and organizing residents, and makes it clear how decisionmaking processes might sometimes become contentious.
Consensus, conflict, and decision-making
Consensus is a way to be sure that everybody is happy with the outcome of a group decision. By making sure that all participants agree before an issue is considered as resolved, everybody can buy into the process while feeling respected. This does not mean that it is an efficient process, though 
Alternative models for communities and civics
The first way we can understand cohousing in HCI is as offering an alternative model of housing. As a means of reframing economic consumption, cohousing can exist as an exemplar of what might be possible for other kinds of communities at different scales. This work fits in with emerging work in design studies and sociology regarding commoning as a means of producing local economies that operate on a level distinct from macroeconomic forces and the structural injustices that sometimes come alongside them [20, 47] . Gibson-Graham examiness how alternative, bottom-up, local economies operate in a social context that they call "post-capitalist" [27, 28] . Cohousing might provide a model and template to provide economic safety nets in countries like the USA where no strong welfare state exists.
This perspective on organizing local communities pushes on what could count (and what might not count) as civic participation. Cohousing communities operate as a distributed home across a neighborhood of houses that don't simply stand on their own. It provides a model of how local groups might operate to support new kinds of infrastructure for civic resilience [13] or generate civic imaginaries that break down boundaries between and among individual homes. Here, the idea of commoning could inform a way of understanding and designing for community-building that considers social service provisioning within future smart villages, towns, or cities.
Smart homes and the Internet of Things
The second way to consider the impact of cohousing in HCI design is how it might problematize the idea of the "smart" home. Most visions of the domestic IoT extend from Weiser's vision of the computer for the 21st Century [56] or Tolmie's notion of "unremarkable computing" [53] . [16, 43] .
Another way to design Internet of Things technologies for cohousing communities is to consider the role that the things themselves are taking on. What might it mean to create objects that actively participate in constructing and perpetuating intentional community? Cohousing consists of a public that is driven by certain values, and is invested in particular issues and matters of concern [14, 55] . Designing for and supporting these matters of concern could mean that the objects themselves participate in new ways [38] .
The final way that cohousing perspectives serve to complicate smart homes is by thinking of the connection among and between residences, rather than simply taking houses as simply having an "inside" and an "outside." What kinds of services and platforms operate through the fringes of the home? What devices make the home permeable? Contemporary smart home technologies like Amazon's Alexa or Dash buttons provide access to massive industrial infrastructures for purchasing and shipping. Cohousing provides a venue for alternative social models for this infrastructure-based approach [37] . The home's relationship to water, electricity, internet, gas, mail, and so on might be productively reframed by considering social infrastructure and how services could be designed to support broader community life. Here, designers might think of "smart homes" not as providing access to product or service infrastructure, but instead social or civic infrastructure.
CONCLUSION
As simultaneously a site, a practice, and an arrangement of things that requires care and coordination, cohousing offers perspectives on ICT design for domestic life that might otherwise be missed. Considering cohousing as a lifestyle that is both a value-laden practice as well as a designed situation combining people and things provides a direction to consider future HCI research, particularly with respect to visions of smart homes, connected communities, and new modes of civic participation.
